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SummY Or AVY STUDY PROGRAM FOR A4H-i WEAPON SrSTEM

INTRODUCTION

The study effort covered by this volume is primarily concerned
with the investigation of the Sparrow 111 6& launching and guidancephases. From such an investigation the effect of these phases on

overall system probability of success can be determined. For this
reason it was necessary to conduct an accurate and detailed simu-
lation of the Sparrow III 6a missile. Through the excellent coop-
eration of the prime contractor, a detailed knowledge of this missile
was gained. Examples of this cooperative effort are given in references
1 and 2. After conversion of the data obtained to simulation methods
and techniques, the prime contractor reviewed the entire simulation
program (reference 3).

MISSILE DATA

This appendix details the basic data used in the simulation of
the Sparrow III 6a missile.

Seeker Data

Figure 1 shows the 90% probability of seeker lock-on against a
B-47 size target for the missile studied. This is the result of
NMC tests (reference 4) scalpd to the B-47 size target. It is seen
that the seeker has a 90% lo •k-on capability against the B-47 size
target, head-on, of 6.82 n. mi.

Aerodynamic Range Equations

The AN/APA-128 computer equations used in the simulation are
as follows:

RMx = R1 (h) / T1 (Vc - vF) max 4 6.5 n. mi. (1)

Rmax ; maximum launch range

R, (h) varies with altitude as shown on Fig. 2

Vc = closing velocity

Vf = fighter velocity

T, = 11 secs for Vc >Vf

T, varies with altitude for Vc < Vf as shown on Fig. 2

6 CONFIDENTIAL
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Rmin = R2 (h) + T2Vc (2)

Rmin m minimum launch range

FL2 (h) varies with altitude as shovn on Fig. 2

T2 - 4.3 see

Rsu = Rmax + T3Vc - R 3 (3)

Rsu Pull-up range

T3 10 see

R 3 6ooo ft

Steering ErrorEgations

VO = 800 11 + o.41 (l - P/PSL)l (4)

o ma Vf

Vma average missile velocity

P - pressure at altitude

PSL = pressure at sea level

a = 57.3 V0 Sin X, + R wk (5)
i7s

2ýW

6 a,= Azimuth steering error in degrees

A azimuth gimbal angle

R range in feet

wk azimuth line of eight rate in radian/see

wje = 57.3 I-Vo sin ý e COO Aal +R 0.480CI (6)

2300

IC e elevation steering error in degrees

7 CONFIDENTIAL
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e = elevation gimbal angle

w- - elevation line of sight rate in radians/sec

_c _ - angle of attack (angle between aircraft

RGMA and velocity vector)

Allowable Launch Error

E = k +K 3  vkx IjVcKlf - K f X2 V0 -c Klvfj (7)

E = allowable launch error in degrees

=30

K1 = 0.75

• 2 = 0.0054 deg/ft/sec

K3 = 0.015 deg/ft/sec

Rnx = maximum aerodynamic range (not limited to 6.5 a. mi.)

Missile Head Slaving

e= + ()e -Ee) (8)

IEBa + (a -E&) (9)

IEBe = initial English Bias in elevation

IEBa = initial English Bias in azimuth

In the F4!H-l (Sparrow III 6a) system, the missiles will be rolled 450o

The effect of this roll must be accounted for. in the English Bias. Thus

FEBe 0.707 IEBe + 0.707 IEBa (10)

FEBa = 0.707 IEBe + 0.707 IEBa (11)

FEBe = final English Bias in elevation A

FEBa = final English Bias in azimuth

8 CONFIDENTIAL
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The initial English bias and the final English bias are then combined
into a composite signal to be applied to the yaw and pitch channels of
the autopilot. The equations for these composite English bias signals
are:

S= (IEBe - FEBe)e-t + FEBe (12)

-E = (iEa% - FEBa)e't + YFBa (13)

EBp = composite English Bias signal applied
to the pitch channel

EBy = composite English Bias signal applied

to the yaw channel

Missile Head-Aim Equations

> a ý anr oos a [Sin Aa (Cos~~1 - Sin A e) +Aýa Coos3 14mi =TnlL+ Sins LsinAe +•i °Se (I08A)

CoAa (COS Ae Sin e)'"a Sin Aaa

A am, = missile azimuth gimbal angle at launch

filtered with 1 type filter

a =stored missile roll angle with respect to the interceptor

ei= Tan -l Cos ami [Cos a(Sin e +Ai COsOt) -Sin a1

A ina (Cos Ae 1~ Sin ) e)+ 2 COsA ) L 15
CosAa(CosAe - 1 SinA e) -• 2 Siin A a

emi = missile elevation gimbal angle at launch

Sequence of Launch Operations

There are several time delays between missile commitment and seeker
lock-on time. It is important to inject these time delays into the over-
all simulation. The sequence of events occurring at launch are:

1. Missile commitment zero time

2. From missile commitment
to start of ej4ection stroke
(Umbilical is pulled at start of
ejection stroke) 1.01 seconds

9 CONFIDENTIAL
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3. Motor ignition 1.08 seconds

4. End of stroke 1.09 seconds

5. Thrust applied 1.23 secoads

6. Wing unlock 1.43. seconds

7. End of thrust 3.23 seconds

8. Seeker lock-on 2.32 seconds for
JRmin launch

13.23 seconds for
•Fmax launch

Noise Effects

There are several noise effects which must be considered in the
simulation of the launching and guiding of the Sparrow III missile.
The first of these is the noise due to radome refraction in the Sparrow
III seeker. The radome refraction curve used was obtained from Raytheon
and is shown by Fig. 3.

The next noise effect which was considered is that due to the
target. The noise power density versus range for the Sparrow III
missile against a B-47 size target is shown on Fig. 4 (reference 5).

The final noise effect that was simulated is that due to transients
occurring during missile launch. These transients are due to the fact
that the missile is launched into a high velocity airstream. The re-
sulting transient effects are given by Figs. 5a thru 8b. This data was
obtained from McDonnell Aircraft Co. (reference 6).

4

Seeker and Autopilot Loops

The block diagrams of the seeker and autopilot are shown by Fig.9.
The gains and the time constants are given on Table I. The definitions
of the additional symbols used are as follows:

Wjm antenna elevation angular rate with respect to,
inertial space

wym =antenna azimuth angular rate with respect to
inertial space
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lC(p) = normal acceleration commanded in pitch

c(y) = normal acceleration commanded in yaw

nz = normal acceleration measured along the missile Z axis

ny = normal acceleration neasured along the missile Y axis

ppq,r = components of missile angular velocity about the body
axes x, yý and ze respectively

K = autopilot gain

= autopilot time constant

Sp = angular deflection of pitch wings

Sy = angular deflection of yaw wings

Sa = differential angular deflection of pitch wings

R = Range

RFT = range rate, fighter-to-target

RFM = range rate, fig~hter-to-missile

RMT = range rate, missile-to-target

IC = initial conditions

Aerodynamic Data

The orientations of various angles and coefficients pertaining to
the aerodynamic data are shown on Fig. 10. The actual aerodynamic data
(reference 7) used in the simulator are shown on Fig. 11 thru 67. A
brief description of each type of data along with the appropriate figure
numbers are as follows:

1. CD = Zero-lift drag coefficient - CD for all altitudes is

given for the boost and the glide conditions as a function

of I'Ach in Fig. 11. The change in coefficient of drag due

to normal force is given by Figs. 12 and 13.
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2. CN = Coefficient of normal force C., corrected for aero-

elastic effects, is give. as a function of Mach, wing

deflection, angle of attack and roll angle on Figs.

14 thru 31.

3. Cm = Pitching moment coefficient Cm, corrected for aero-

elastic effects, is given as a function of Mach, wing

deflection, angle of attack and roll angle on Figs.

32 thru 49.

4. C - Estimated pitch derivatives C4* and Cm are given
&

on Figs. 50 and 51.

5. CA = Estimated roll moment coefficient C is given as a

function of Mach, angle of attack and roll angle for

differential wing deflection of 60 on Figs. 52 thru

62. For angle of attack and wing deflection both equal

to zero, the roll moment coefficient Cl 6 is given on

Fig. 63 as a function of Mach. Roll moment coefficient

versus angle of attack forsa = 00 is not currently

available and will be assumed to be zero.

6. Cfp - Estimated roll clamping moment coefficient. Cp is given

as a function of Mach number on Fig. 64. I
7. Aeroelastic correction factors are given for the wings, tail

and aerodynamic center on Figs. 65, 66, 67.

12 COVFIDEITIAL .
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8. The thrust vs time curves of Fig. 68 were approximated by

assuming a thrust (at sea level) of 7300 lbs. acting for

an interval of two seconds. The thrust correction for

altitude is obtained from Fig. 69.

Missile Physical Characteristics

These characteristics are for the C8 motor without short autopilot.

Weight before launch = 399.8 lbs.

Weight after burnout - 328.8 lbs.

Center of gravity before launch a Sta. 82.01" + 0.5" - 1.0"

Center of gravity after burnout - Sta. 75.01" + 0.5" - 1.0"

Wing area (s) = 1.265 ft 2 per panel - 2.53 ft 2 total

Tail area = 0.77 ft 2 each panel

Wing span (*) = 3.3 ft

Wing chord (e) = 1.106 ft

Mechanical wing limits = + 220

Electrical wing limits = + 200

Antenna mechanical gimbal limits = + 500

Antenna electrical gimbal limits = + 460

Moment of Inertial:

Ixx = 1.45 slug-ft 2 at launch, 1.31 slug-ft 2 at burnout

Iyy = 103 slug-ft 2 at launch, 79.7 slug-ft 2 at burnout

Izz - 103 slug-ft 2 at launch, 79.9 slug-ft2 at burnout

13 COIFIDENTIAL
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TABLE I

SPAR•fOW III AUTOPILOT PARAMETERS I
t TIME FROM LAUNCH (TIME FROM END OF STROKE)

tI UNLOCK TIM - (0.4-0.08) SEC

t 2  END-OF-BOOST TIME - (2.22-0.08) SEC

t 3 MISSILE SEEKER LOCK-ON TIME = (2.22-0.08) SEC

LTITUDE

CONDITION A B C D

LTrrTDE SL-17K 17-32K 32-46 >4K

Irs .15 .15 o.4 o.4
(sEc) 0.085 0.085 0.129 0.129

YAW 4.93 3.17 1.70 1.09
(SEC) PITCH 3.87 2.49 1.33 .857

K K5
(o/9 SEC) 3.57 5.56 10.5 16.3

(SEC) 0.OO3 0.0063 0.008 0.008

G2  1.14 1.14 3.43 3.43
ýo/o/SEC) 1+259 Ti3s M% DT;"s

0•/ScC. 0.054 0.110 0.21 0.43

14 COOIDENTIAL
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The data presented in this report is that collected and used
In the missile simulation phase of the Navy's Air-to-Air Missile
Study Program. It was supplied to NRL directly by the Raytheon
Company from personnel at the Bedford Laboratory who also checked
the manner in which it was used in the simulation on the ISM 704
computer. The Technical Directors (NRL) of the study program
wish to thank the personnel of the Bedford Laboratory for their
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by the Analytical Section of the Westinghouse Air Arm Division.
The Technical Directors would also like to thank these people
for the role they played in obtaining meaningful results for the
Navy's arsenal of knowledge.
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